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The purpose of this memo is to propose the basic functionality for a VLBI2010 digital

back end (DBE). For orientation, Fig.1 puts the DBE into the context of the VLBI2010

station electronics where it lies between the n-bit samplers and the Data Output Module

(DOM).

The proposal for the VLBI2010 DBE is summarized in Fig.2. This is not intended as a

final statement of requirements. It is more the opening of discussion. I have included all

functionality that I could think of. The modules in the block diagram are discussed briefly

below:

Translation from Linear to Circular Polarization. [Polarization issues were discussed

in some detail by Brian Corey at the Haystack V2C f2f meeting. I think it would be

useful (at least to me) if the talk could be submitted as an IVS memo so that it would be

possible to find the information and refer to it in the future.] Since broadband feeds

naturally produce linear polarized data, and VLBI works best with circularly polarized

data, one approach to handling the linear polarized data is, at some point in the

VLBI2010 system, to make the conversion from linear to circular polarization.

Conceptually, this could be done at any of three points of the system, e.g.: in hardware

prior to the sampler; as part of the station digital processing; or post-correlation. I believe

that Brian concluded that it could be done effectively in the station digital processing

(and perhaps that that was the best place to do it). He also provided equations and some

discussion of difficulties such as gain balance, etc. As a result, I have included this

functionality as part of the VLBI2010 digital processing.

Data Analysis Functions such as autocorrelation, PCAL extraction and radiometry.

These are important functions both for evaluating the quality of the input data and for

calibrating the correlator output. I think it would be useful to have the capability to

extract this data both before and after the polarization conversion.

Polyphase Filter and FFT. Channelization of the data is a common feature of DBE’s.

Often, the primary intent is to convert the wide bandwidth sampled IF into channels that

can be handled by a correlator. A side-benefit is that it protects against the possibility of

narrow band RFI completely destroying the entire sampled IF band through quantization

losses, which is what would happen if the typical VLBI truncation to 2-bit data were

performed directly on the broadband sampled data. The protection against narrow band

RFI improves (with respect to the total amount of data lost or degraded by the RFI) as the

bandwidth of the output channels decreases. However, at some point, the diminishing

benefit of narrowing the channel further no longer justifies the added effort.  This sort of

system is similar to an FX system where the F is done at the station and the X at the

correlator. The main difference is the location where the conversion to 2-bit data occurs.

At this point, I’m not sure of the impact of this difference, but think it needs to be studied

further before deciding on a system like this.



Model. This box represents the application of the usual interferometry delay and phase

models. This function is shown in a dashed box since the delay model is normally applied

at the correlator. There may, however, be benefits to applying the model here. First, the

data at this point is multi-bit. As a result, the delay and phase tracking losses will be

negligible and also the VLBI low fringe rate degradation will be handled more naturally.

There may be concerns with placing the delay and phase tracking here to do with

reliability, multiple phase centers, etc.—so, this decision needs to be considered further.

Truncation to 2-bit Data. VLBI data is transmitted most efficiently in either 1-bit or 2-

bit form. In order to do this effectively, an optimum threshold needs to be determined

based on the statistics of the n-bit signal.

Burst Mode. Burst mode involves writing data quickly to RAM and then reading it out

more slowly to a disk storage device or e-VLBI connection. This makes it possible to

shorten the length of time on a source, which is one of the factors required to increase the

number of observations in a day.

DOM Interface. This module is required to put the output data into a standard form so

that it can be sent to a VSI-compatible Data Output Module (DOM).



X
-p

ol
fe

ed
C

ry
og

en
ic

L
N

A
O

pt
ic

al
L

in
k

n-
w

ay
Sp

lit
te

r

Y
-p

ol
fe

ed
C

ry
og

en
ic

L
N

A
O

pt
ic

al
L

in
k

n-
w

ay
Sp

lit
te

r

U
D

C
1

Sa
m

pl
er

1
D

ig
ita

l
Pr

oc
1

D
O

M 1

U
D

C
2

Sa
m

pl
er

2
D

ig
ita

l
Pr

oc
2

D
O

M 2

U
D

C
3

Sa
m

pl
er

3
D

ig
ita

l
Pr

oc
3

D
O

M 3

U
D

C
n

Sa
m

pl
er

n
D

ig
ita

l
Pr

oc
n

D
O

M n
PC

A
L

H
-m

as
er

C
lo

ck

R
ef

1p
ps

F
ro

nt
E

nd
C

on
tr

ol
R

oo
m

T
o

C
or

re
la

to
ru

si
ng

E
ith

er
D

is
ks

or
eV

L
B

I

Fi
g.

1
V

L
B

I2
01

0
St

at
io

n
E

le
ct

ro
ni

cs
B

lo
ck

D
ia

gr
am



A
ut

o-
co

rr
el

at
io

n
PC

A
L

D
et

ec
tio

n
R

ad
io

m
et

ry

Po
ly

ph
as

e
Fi

lte
r+

FF
T

M
od

el
T

ru
nc

at
io

n
to

2-
bi

td
at

a
In

te
rf

ac
e

to
D

O
M

Po
ly

ph
as

e
Fi

lte
r+

FF
T

M
od

el
T

ru
nc

at
io

n
to

2-
bi

td
at

a

T
ra

ns
la

tio
n

Fr
om

L
in

ea
r

T
o

C
ir

cu
la

r
Po

la
ri

za
tio

n

L
C

P

R
C

P

A
ut

o-
co

rr
el

at
io

n
PC

A
L

D
et

ec
tio

n
R

ad
io

m
et

ry

N
-b

it
Sa

m
pl

ed
X

-p
ol

D
at

a

N
-b

it
Sa

m
pl

ed
Y

-p
ol

D
at

a

Fi
g.

2
V

L
B

I2
01

0
D

ig
ita

lP
ro

ce
ss

in
g

U
ni

tB
lo

ck
D

ia
gr

am

B
ur

st
M

od
ul

e

In
te

rf
ac

e
to

D
O

M
B

ur
st

M
od

ul
e



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


